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I,  INTRODUCTION 


The  high-power  tube  program*  was  established  to  investigate  some  of  the 
basic  problem  areas  involved  in  the  generation  of  high  power.  The  projects 
that  are  currently  active  are  reported  in  detail  in  the  body  of  this  report,  and 
in  summary  in  this  introduction. 

Work  on  klysti'on  analysis  has  been  concerned  primarily  with  experimental 
verification  of  the  theory.  Generally  good  agreement  between  theory  and  ex¬ 
periment  has  been  obtained.  The  effect  of  body-cooling  water  on  output  phase 
has  been  noted. 

Preliminary  results  obtained  with  the  beam  pulse  heating  tube  indicate  an 
unexpected,  but  in  retrospect  reasonable,  surface  temperature  function  when 
the  surface  is  heated  with  a  pulsed  electron  beam. 

Beam  study  work  has  continued  to  be  concerned  with  the  electrolytic  tank 
and  computer  facility.  The  biased  collector  work  has  been  hampered  by  braz¬ 
ing  problems  that  were  solved  only  when  a  pit -type  hydrogen  furnace  was  built 
and  placed  in  operation. 

Vacuum  work  carried  on  as  a  part  of  the  cathode  project  has  shown  the 
reason  for  discrepancies  noted  in  ion  gauges  operated  under  varying  conditions. 
A  cryogenic  pumping  system  has  been  constructed  for  use  with  this  project. 

The  secondary  emission  work  has  been  completed  and  a  report  is  in  prepa¬ 
ration.  The  effects  of  hydrogen  firing,  magnetic  field,  angle  of  incidence,  and 
electron  bombardment  on  the  secondary  emission  ratio  (6)  of  a  number  of  ma¬ 
terials  having  a  maximum  6  less  than  me  have  been  measured, 

A  technique  for  measuring  loss  distribution  in  RF  cavities  has  been  estab¬ 
lished.  The  experimental  work  is  nearly  complete;  a  report  is  in  preparation. 

A  note  on  the  theoretical  bandwidth  of  klystron  output  cavities  has  been  prepared. 

The  small  amount  of  work  done  on  voltage  breakdown  has  been  concerned 
with  surface  cleaning  and  conditioning. 


’'-'This  research  is  a  part  of  PROJECT  DEFENDER,  sponsored  by  the  Advanced 
Research  Projects  Agency,  Department  of  Defense. 
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Duplexer  investigations  have  been  concerned  with  window  materials, 
pressure-measuring  techniques,  and  the  use  of  a  hot  cathode  electron  source 
to  provide  a  more  reliable  and  rapid  breakdown  of  the  TR  tube.  Tests  of  a  new 
L-band  duplexer  indicate  good  performance  at  10-Mw  peak,  25-kw  average. 
Tests  at  higher  power  are  planned. 

A  paper  on  high-power  duplexers  was  presented  at  the  IRE  1961  National 
Microwave  Symposium. 

R.  C.  Butman 


II.  HOLLOW  BEAM  -  KLYSTRON  INTERACTION 


This  work  is  being  carried  on  under  Subcontract  No.  225  by  Varian  Asso¬ 
ciates.’*'  The  program  was  established  to  investigate  the  use  of  high-perveance 
hollow  beams  in  high- power  widc-band  klystrons. 

The  second  six-cavity  klystron  using  a  high-perveance  magnetron  injec¬ 
tion  gun  to  produce  a  hollow  beam  has  been  operated.  After  several  unfortu¬ 
nate  accidents  with  the  tube,  significant  data  have  been  obtained  during  the 
last  two  months.  There  has  not  yet  been  opportunity  for  extensive  analysis 
of  these  data.  However,  some  tentative  qualitative  conclusions  may  be  drawn 
at  this  time. 

A.  SMALL  SIGNAL  REGIME 

Linearity:—  It  appears  that  linear  small  signal  conditions  in  the  beam 
hold  only  up  to  gap  voltages  of  about  20  per  cent  of  full  beam  voltage  (V^). 

For  example,  the  beam-loaded  Q  measured  on  a  cavity  for  which  the  gap 
voltage  is  varied  stays  constant  to  about  l/5  of  and  then  the  Q  decreases 
monotonically  to  about  l/2  the  original  Q  by  the  time  RF  gap  voltage  equals 
V  .  Within  the  linear  region,  however,  present  methods  of  calculating  elec¬ 
tronic  loading  and  gap-to-gap  transconductance  appear  to  be  valid  as  long  as 
the  space-charge  potential  depression  of  the  beam  in  the  gap  is  taken  into  ac¬ 
count. 

Noise:-  Measurements  made  on  a  two- cavity  experiment  with  essentially 
the  same  beam  are  reported  in  the  last  Quarterly  Report  of  I960  on  Sub¬ 
contract  No.  225  (received  from  Varian  since  31  December  I960).  These 
measurements  show  noise  peaks  that  are  voltage-  and  magnetic  field-tunable, 
superimposed  on  a  white  noise  background.  The  noise  power  becomes  notice¬ 
able  in  the  region  of  20  kv  and  is  about  5  orders  of  magnitude  greater  than 
shot  noise  at  the  nominal  values  of  operating  voltage  and  field  (i.e.,  about 
45 kv  and  1200  gauss). 


=■=  For  an  outline  of  the  aim  and  status  of  the  experiment  prior  to  31  Decem¬ 
ber  i960,  see  Reference  1. 
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B.  LARGE  SIGNAL  REGIME 


The  present  six-cavity  tube  has  a  gun  anode  that  is  insulated  for  moderate 
voltage  from  the  body  of  the  tube.  This  configuration  allows  the  beam  voltage 
to  be  held  constant  and  the  magnetic  field  and  perveance  to  be  adjusted  inde¬ 
pendently.  Driving  the  first  cavity  and  sampling  the  current  at  the  second 
cavity  gap  has  shown  that,  in  the  range  of  6.5-  to  10-|i  perveance,  the  ratio  of 
RF  beam  current  to  DC  beam  current  (I^)  decreases  with  increasing  perveance. 
It  has  also  shown  that,  for  fixed  beam  voltage  (45 kv),  the  RF  current-to-I^ 
ratio  increased  with  increasing  magnetic  field  in  going  from  about  950  gauss 
up  to  about  1200  gauss,  at  which  point  the  RF  current  leveled  off.  It  was  also 
observed,  by  sampling  the  current  at  the  third  gap  and  driving  the  first  gap, 
that  the  remodulation  at  the  second  gap  was  not  as  effective  in  producing  satu¬ 
rated  current  at  the  third  gap  as  the  direct  drive  at  the  first  gap  was  in  pro¬ 
ducing  saturated  current  at  the  second  gap  (i.e.,  I^  “  2/3  I^).  This  state¬ 
ment  is,  of  course,  true  for  a  particular  circuit  arrangement  where  the  drift 
lengths  are  equal  to  each  other  and  equal  to  about  90*  of  the  DC  beam  plasma 
wavelength,  and  where  the  gap  lengths  are  relatively  long  (about  1-1/2  radians). 
In  a  sense,  however,  it  is  typical  of  most  of  the  large  signal  observations  on 
this  tube  to  the  extent  that  current  saturation  is  observed  for  significantly 
shorter  transit  angles  (measured  in  terms  of  the  usual  DC  beam  properties) 
than  has  been  observed  in  the  case  of  lower  perveance  beams.  It  is  believed 
that  this  saturation  is  related  to  an  effective  increase  in  instantaneous  beam 
plasma  frequency  in  the  bunch  at  high  space-charge  density  in  general, and  in 
the  gap  in  particular,  because  of  the  increased  space-charge  potential  depres¬ 
sion. 

This  subcontract  will  terminate  with  the  completion  of  measurements  on 
the  present  tube  and  the  issuance  of  a  final  report. 

G.L.  Guernsey 
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III.  MULTICAVITY  KLYSTRON  ANALYSIS 


A  series  of  gain  and  relative  phase  measurements  on  multicavity  klystrons 
has  been  started.  These  measurements  arc  intended  to  evaluate  the  small  sig> 
nal,  space  charge  wave  analysis  of  klystron  interaction  that  we  have 
programmed  for  digital  computation.  They  arc  also  intended  to  define  the  phase- 
frequency  limitations  of  klystrons  for  use  in  pulse  compression  systems. 

The  initial  evaluation  is  being  performed  on  a  VA-87-C,  4-cavity  pulsed 
klystron  with  a  nominal  peak  output  power  in  the  1-  to  2-Mw  range  and  a  syn¬ 
chronously  tuned  gain  of  about  68  db. 

Preliminary  results  of  these  experiments  indicate  the  following: 

(1)  The  phase  tuning  of  such  a  tube  by  variation  in  coolant 
water  input  temperature  may  be  as  large  as  thirty  de¬ 
grees  electrical  tuning  for  a  10® F  change  in  temperature 
where  the  phase-frequency  slope  is  about  14*/Mcps.  Al¬ 
though  this  is  an  extreme  ease,  it  advises  caution  in  the 
application  of  such  tubes  to  parallel  operation. 

(2)  The  measured  maximum  gain  is  within  about  1  db  (low) 
of  the  calculated  maximum  gain  over  a  range  from  50  to 
68 db  (depending  on  the  degree  of  stagger  tuning).  This 
gain  comparison  is  illustrated  in  Figs.III-1  and  III-2, 
which  show  the  synchronously  tuned  gain  and  a  case  of 
stagger  tuning,  respectively.  The  slight  displacement 
in  frequency  of  the  two  curves  of  Fig.  III-l  (~0.05  per 
cent  or  l.SMcps)  is  probably  accounted  for  by  the  fact 
that  the  analysis  uses  zero  reactive  component  of  the 
circuit  admittance  as  the  criterion  for  tuning  to  a  given 
frequency,  while  the  experiment  uses  maximum  output 
at  that  frequency  as  the  criterion  for  tuning  the  circuit 
to  a  frequency. 

(3)  The  gain  vs  frequency  for  stagger  tuning  shows  a  more 
rapid  decrease  in  gain  for  high  frequencies  than  that 
predicted  by  the  analysis.  This  discrepancy  can  be  seen 
in  Fig.  III-2,  for  which  cavity  2  is  detuned  —1  per  cent 
and  cavity  3,  +1  per  cent  from  center  frequency.  At 
this  time  there  is  insufficient  data  to  make  it  possible 

to  determine  whether  the  difference  represents  a  deficiency 
in  the  theory  or  is  a  result  of  not  reproducing  exactly  in 
the  experiment  the  conditions  specified  in  the  analysis. 

However,  measurements  of  the  output  circuit  pass  charac¬ 
teristic  show  that  the  assumption  used  in  the  calculation  of 
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Fig.  Ill-l.  Klystron  gain  vs  frequency  (synchronous  tuning). 
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Fig.  1 1 1-2.  Klysfron  gain  vs  frequency  (stagger  tuning). 
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Fig.  1 1 1-3.  Klystron  phase  vs  frequency  (synchronous  tuning). 
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a  single  tuned  resonance  shape  is  not  justified.  These 
data,  although  not  yet  reduced  to  an  appropriate  cor¬ 
rection,  do  appear  to  account  for  at  least  part  of  this 
high  frequency  fall  off. 

(4)  The  experimental  values  of  phase-frequency  response 
agree  with  the  computed  values  -for  synchronous  tuning 
and  two  cases  of  stagger  tuning  to  within  the  present  ex¬ 
perimental  accuracy  (±3*).  The  raw  data  of  phase-vs- 
frequency  are  shown  in  Figs.  1II-3  and  III-4,  compared 
with  the  calculated  relative  phase.  These  data  are  for 
the  same  cases  of  synchronous  and  stagger  tuning  for 
which  the  gain  is  given  in  Figs.  IIl-l  and  III-2,  respectively. 
The  gross  skewing  of  the  measured  curves  with  respect 
to  the  calculated  curves  results  from  not  applying  the 
correction  due  to  phase  variation  of  a  variable  attenuator. 

It  is  desirable  to  reduce  the  experimental  error  to  less 
than  ±1*.  and  such  a  reduction  seems  possible.  Work 
is  continuing  on  improving  the  accuracy  of  the  experiments 
and  on  resolving  the  remaining  discrepancy  between  theory 
and  experiment. 


G.  L.  Guernsey 


RELATIVE  PHASE 
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Fig.  III-4.  Klystron  phase  vs  frequency  (stagger  tuning). 
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IV.  BEAM  PULSE  HEATING 


This  program  was  sot  up  primarily  to  measure  the  instantaneous  surface 
temperature  and  rates  of  evaporation  of  metallic  surfaces  subjected  to  high- 
intensity  pulsed  electron  beam  bombardment.  The  metallic  vapors  that  arc 
liberated  from  those  bombarded  areas  may  bo  deposited  on  critical  surfaces 
within  a  high-power  microwave  tube  and  thereby  limit  its  peak  power  output. 
Experiments  are  under  way  to  measure  the  rates  of  evaporation  for  copper 
and  other  materials  under  various  conditions  of  pulsed  operation  so  as  to  es¬ 
tablish  the  limits  of  peak  power  that  can  be  absorbed  without  destructive 

effects. 

During  the  past  reporting  period,  the  beam  pulse  heating  tube  (XT455) 
described  in  the  last  Semiannual  Report,^  has  been  processed  and  pulsed  to 
80  kv.  During  the  initial  processing  of  the  tube,  the  glass  bellows  connecting 
the  tube  manifold  to  the  diffusion  pump  broke,  and  the  tube  was  let  down  in¬ 
stantly  to  atmospheric  pressure  while  at  a  temperature  of  425*C.  At  this 
temperature  and  pressure,  the  copper  and  stainless-steel  surfaces  within  the 
tube  became  heavily  oxidized.  The  decision  was  made  to  reprocess  the  tube 
even  though  it  was  almost  certain  that  the  cathode  surface  had  been  poisoned 
and  that  reprocessing  at  425«C  would  not  completely  remove  all  the  oxide  film. 
VVe  could  not  expect  to  operate  this  tube  at  the  rated  10  Mw/cm  beam  power 
density;  however,  data  that  we  could  obtain  at  the  reduced  beam  power  den¬ 
sities  would  be  useful  in  evaluating  our  instrumentation  and  associated  equip¬ 
ment. 

The  XT455  was  installed  in  the  high-voltage  tank  assembly  and  pulsed  up 
to  80  kv.  As  anticipated,  the  tube  was  gassy  and  its  measured  perveance  was 
low  (1.1  X  10"^  instead  of  1.8  X  10"^).  At  pulse  voltages  above  60  kv,  internal 
breakdown  occurred  between  cathode  and  anode.  Cathode  emission  was  limited 
to  approximately  one-half  rated  current  even  at  l-l/Z  times  rated  input  fila¬ 
ment  power.*  A  few  volts  applied  to  the  filament  resulted  in  a  change  of  two 
orders  of  magnitude  in  tube  pressure  as  recorded  by  the  Varian  pump  on  the 
tube  manifold.  A  degassing  time  of  at  least  two  hours  was  always  required 
for  the  tube  pressure  to  stabilize  at  a  safe  operating  level.  One  is  led  to  the 
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Fig.  IV-1.  Phofograph  of  the  TiB2  surface  during  single  pulse 
(10-psec  duration)  bombardment. 
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conclusion  that  water  vapor  was  present  within  the  tube  and  released  from  the 
cathode  surface  when  filament  power  was  applied. 

The  tube  incorporated  three  OFHC  copper  targets  and  one  TiB2  target. 

The  TiB^  target  was  installed  so  that  initial  beam  studies  could  be  made  prior 
to  the  actual  bombardment  of  the  copper  targets.  The  melting  temperature  of 
TiB^  is  3000*C,  compared  to  1080*C  for  copper.  The  TiB^  target  consisted 
of  0.020  in.  of  TiB^  deposited  by  plasma  torch  on  a  0.125-in.  OFHC  copper 
plate.  All  experiments  were  conducted  with  this  target. 

Approximately  3810  single  pulses  of  10-|xsec  duration  were  applied  to  the 
TiB,  target.  During  single-pulse  operation  of  the  tube,  the  surface  heating 
was  very  intense  and  produced  a  very  bright  spot  on  the  target.  A  photograph 
of  the  light  produced  during  a  single  impulse  is  shown  in  Fig.  IV-1.  Also  seen 
on  the  same  photograph  is  the  light  reflected  from  the  stainless-steel  shield 
surrounding  the  target  and  from  the  two  steel  screws  that  secure  the  target  to 
the  collector  assembly.  The  tube  was  pulsed  at  55  kv  peak  voltage,  12  amperes 
peak  target  current  and  2.1  Mw/cm  peak  beam  power  density.  A  magnetic 
field  of  590  gauss  was  required  to  focus  the  beam  to  the  l/4-in.  diameter. 

A  photograph  of  the  target  is  shown  in  Fig.  IV-2.  One  can  clearly  discern 
the  area  at  which  bombardment  and  evaporation  of  the  TiB2  took  place.  The 
total  reduction  in  weight  of  the  target  resulting  from  the  pulsed  bombardment 
was  0.0064  gm.  The  initial  weight  before  bombardment  was  20.1617 gm. 

The  surface-temperature  rise  was  monitored  by  a  photoelectric  pyrometer. 
The  pyrometer  uses  a  telescope  modified  to  receive  an  RCA  7102  photomulti- 

O 

plier  tube  whose  spectral  response  covers  the  range  from  4200  to  11,000  A.  The 
bombarded  area  is  viewed  through  the  pyrometer  eyepiece  and  focused  by  the 
telescope  objective  lens.  The  photomultiplier  tube  is  mounted  at  90“  to  the  axis 
of  the  telescope.  Radiant  energy  passing  through  the  objective  lens  is  deflected 
onto  the  cathode  of  the  photomultiplier  tube  by  a  mirror  mounted  internally  at 
45“  to  the  telescope  axis.  The  photoelectric  pyrometer  was  viewed  on  an  oscil¬ 
loscope.  The  measured  response  time  of  the  photoelectric  pyrometer  was 
less  than  0.3  psec. 

The  instantaneous  temperature  measured  at  the  surface  of  the  TiB2  target 
for  a  single  pulse  is  shown  in  Fig.  IV-3.  The  observed  temperature  rise  and 
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Fig.  IV-2.  Bombarded  TiB^  target. 
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Fig.  IV-3.  Instantaneous  temperature  at  surface  of  TiB2  target  vs  time. 
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Fig.  IV-4.  Omegotron  magnet  mount. 
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target  current  pulse  have  been  plotted  on  the  same  time  scale.  From  the  two 
top  graphs,  one  observes  that  there  is  a  relatively  low  temperature  rise  on 
the  target  surface  during  the  pulse  duration  and  that  the  surface  temperature 
continues  to  rise  long  after  the  end  of  the  pulse.  As  seen  from  the  two  bottom 
curves,  the  temperature  reaches  a  ma.\imum  value  of  1370*C  appro.\imately 
i2  pulse  durations  after  the  end  of  the  current  pulse. 

There  are  two  comments  to  bo  made  on  those  preliminary  observations: 
(1)  The  maximum  temperature  measured  agrees  with  the  order  of  magnitude  ol 
temperature  predicted  on  the  basis  of  a  simple  model  of  beam  penetration  for 
the  voltage  and  power  density  used  (although  the  measured  value  appears 
low),  (2)  That  the  maximum  temperature  does  not  appear  until  after  the  beam 
pulse  is  terminated  is  consistent  with  the  fact  that  a  maximum  rate  of  energy 
loss  with  depth  actually  occurs  below  the  surface  at  a  depth  of  the  order  of 
0.001  in.  This  circumstance,  then,  introduces  a  delay  in  the  time  at  which 
maximum  surface  temperature  appears.  The  low  thermal  conductivity  of  TiB^ 
probably  accounts  for  the  fact  that  the  time  constant  of  this  delay  is  as  long 
as  is  indicated  (of  the  order  of  the  pulselength  in  this  case). 

All  components  for  XT455  serial  2  have  been  fabricated  and  tested.  It  is 
expected  that  the  second  beam  pulse  heating  tube  will  bo  ready  for  experimental 
evaluation  before  the  end  of  July, 

No  additional  measurements  were  made  on  the  omegatron  mass  spectrom¬ 
eter  during  this  reporting  period.  The  adjustable  mount  required  for  the 
omegatron  was  completed  and  is  shown  in  Fig.IV.4.  Rotational  motion  in  two 
planes  and  linear  motion  in  two  additional  planes  are  accomplished  by  adjust¬ 
ing  the  four  knobs  shown  in  the  photograph.  Extremely  small  incremental 
variations  in  magnet  position  are  required  for  optimizing  the  electron  current 
in  the  omegatron  tube, 

E.  Silverman 
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V.  BEAM  STUDIES 


The  construction  of  the  electrolytic  tank  setup  that  will  be  used  for  the 
high-power  electron  beam  design  studies  is  in  its  final  stages.  A  Benson- 
Lehner  x-y-plotter  was  used  to  provide  the  traverse  system  for  the  probe 
pickup.^  A  desk-type  analogue  computer  will  serve  as  a  differential  analyzer 
for  the  system.  The  frame  of  the  plotter  is  big  enough  to  allow  us  to  use  an 
electrolytic  tank  four-by-five  feet  in  size.  The  tank  and  the  frame  of  the 
plotter  are  mounted  on  the  .same  welded  aluminum  frame.  A  four-screw  ad¬ 
justment  is  provided  for  the  leveling  of  the  pickup  probe  traverse  system  with 
respect  to  the  electrolyte  level  in  the  tank.  Figure  V-1  shows  the  x-y  traverse 
system,  the  aluminum  supporting  frame  and  the  tank. 

The  electrolytic  tank  itself  is  provided  with  a  tilting  plane  so  that  beam 
design  studies  can  be  made  for  electron  devices  in  the  rectangular  coordinate 
system  as  well  as  for  problems  involving  cylindrical  symmetry.  At  first,  it 
was  decided  to  use  a  tilting  plane  made  of  lucite.  The  use  of  a  plane  made  of 
this  plastic  material  has  many  advantages,  the  most  important  of  which  are 
its  machinability  and  its  resistance  to  breakage  as,  for  example,  compared 
to  glass.  However,  after  consultation  with  some  people  familiar  with  plastics, 
it  was  decided  to  us^  a  plane  made  of  aluminum  spray-coated  with  plastic,  be¬ 
cause  it  was  feared  that  the  lucite  plane  would  deform  under  the  weight  of  elec¬ 
trodes  and  as  a  result  of  aging  of  the  plastic.  The  reinforced  aluminum  plane 
is  now  completed  and  exhibits  a  very  plane  surface  of  hard,  settled  plastic. 
Figure  V-1  shows  a  part  of  this  tilting  plane  in  the  electrolytic  tank. 

Figure  V-2  shows  the  pickup  probe,  made  demountable  to  accommodate 
different  pickup  points,  one  of  which  is  shown  to  the  right  of  the  probe.  The 
probe  can  be  adjusted  both  horizontally  and  vertically.  A  micrometer  screw 
will  make  the  vertical  adjustment  very  accurate.  The  box  next  to  the  probe 
holder  will  contain  preamplifiers  for  the  pickup  probes. 

In  order  to  be  able  to  plot  equipotential  lines  or  electron  trajectories,  an 
x-y  plotting  system  is  necessary.  After  a  study  of  commercially  available 
plotting  equipment  from  the  point  of  view  of  size,  accuracy  and  cost,  it  was 
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loctrolytic  tank  setup. 


decided  to  build  a  pantograph  and  make  the  plot  of  the  excursion  of  the  probe 
through  a  mechanical  linkage  between  the  pen  and  the  probe.  This  pantograph 
is  shown  mounted  on  the  system  in  Fig.  V-1.  It  offers  a  four-to*one  area 
reduction. 

In  Fig.  V-1,  one  can  also  see  the  differential  analyzer  made  by  Applied 
Dynamics,  Inc.  This  analyzer  will  be  used  to  solve  the  equations  of  motion  of 
the  electrons  in  electromagnetic  systems.  It  is  a  small,  table-model,  tube- 
type,  analogue  computer  (model  AD-1 -32)  comparable  to  equivalent  commer¬ 
cial,  transistor-type  computers;  however,  according  to  the  manufacturer,  the 
component  accuracy  of  this  unit  is  better  than  0.1  per  cent.  Some  test  solu¬ 
tions  have  been  run  on  this  computer  and  it  was  found  that  the  equipment  be¬ 
haves  satisfactorily.  Accuracy  tests  of  the  computer  are  currently  in  progress. 

The  first  use  of  the  electrolytic  tank  setup  will  be  for  plotting  equipoten- 
tials  in  some  simple  electromagnetic  systems  for  the  calibration  of  the  system 
components.  The  next  step  will  be  to  calibrate  the  system  for  tracing  of  elec¬ 
tron  trajectories.  After  this,  the  system  will  be  used  for  the  solution  of  actual 
beam  problems. 

A.  Saharian 
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VI.  BIASED  COLLECTOR 


As  noted  in  previous  reports,  the  biased-collector  project  has  as  a 
principal  objective  the  study  of  the  velocity  spectrum  of  the  spent  beam  of 
a  klystron.  Information  obtained  in  this  study  is  expected  to  be  of  value  in 
assessing  the  practicability  of  biased  collectors  in  general. 

Construction  difficulties  have  again  delayed  completion  of  the  experi¬ 
mental  unit  being  assembled  for  use  with  this  project.  Unsatisfactory  per¬ 
formance  by  a  subcontractor  who  had  been  given  the  responsibility  of  brazing 
insulator  supports  into  the  stainless-steel  collector  envelope  resulted  in  the 
decision  to  construct  the  required  pit  furnace  at  Lincoln  Laboratory.  This 
furnace  was  designed  and  constructed  during  the  first  portion  of  the  reporting 
period.  Operation  of  the  unit  is  satisfactory;  with  it  the  necessary  brazes 
have  been  made  on  the  collector  envelope.  Collector-segment  insulators 
have  been  welded  on  and  the  entire  unit  has  been  found  to  be  vacuum  tight. 

The  collector  segments  have  been  coated  with  titanium  carbide  in  order  to 
minimize  their  secondary  emission  ratio.  The  remaining  construction  op¬ 
erations  involve  heliarc  welds  of  a  standard  nature.  The  equipment  necessary 
for  processing  and  testing  the  tube  is  available,  and  velocity  spectrum  meas¬ 
urements  will  commence  as  soon  as  construction  of  the  tube  is  complete. 

A.  Saharian 
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VII  CATHODES 


The  major  effort  to  date  has  been  concerned  with  establishing  reliable 
vacuum  techniques  for  our  future  cathode  studios.  There  has  been  so  much 
controversy  in  the  literature  that  it  seemed  desirable  to  investigate  some  of 
the  questions  in  order  to  establish  techniques  in  which  wo  could  have  confidence. 

A  major  problem  is  ilie  reliability  of  ionization  gauges.  Principally,  since 
an  ionization  gauge  acts  as  a  pump,  there  is  some  question  as  to  whether  such 
a  gauge  mounted  in  a  small  enclosure  and  connected  to  a  large  vacuum  chamber 
through  a  small  tube  really  measures  the  pressure  in  the  vacuum  chamber,  or 
something  else  proportional  to  that  pressure,  under  varying  conditions  The 
arrangement  that  we  used  to  compare  gauges  is  shown  in  Mg  VII-1  In  this 
figure,  BA  is  a  conventional  Bayard-Alpert  gauge.  Gauges  and  are 
Nottingham  gauges.^  (These  gauges  are  made  by  adding  a  screen  outside  the 
normal  Bayard-Alpert  gauge,  and  maintaining  it  negative  with  respect  to 
cathode.  The  screen  repels  electrons  back  toward  the  electron  collector, 
thus  increasing  the  probability  of  ionization,  and  hence  increasing  the  sensi¬ 
tivity  of  the  gauge.  There  is  still  another  result  that  we  shall  mention  later.) 

Of  these,  is  in  a  conventional  envelope  connected  by  a  small  tube  to  the 
vacuum  chamber,  while  is  mounted  directly  in  the  chamber.  With  this 
arrangement,  we  could  compare  different  gauges  (B.A  and  N^)  in  the  same  en¬ 
vironment  (in  small  enclosures),  and  identical  gauges  (N^  and  N^)  in  different 
environments.  The  second  comparison  is  of  interest  because,  even  though  it 
may  seem  evident  that  the  ideal  arrangement  would  use  a  gauge  in  the  vacuum 
chamber,  this  is  not  always  practical.  The  positive  ion  current  to  the  ion 
collector  in  each  gauge  was  measured,  and  the  following  current  ratios  com¬ 
puted  N^/BA,  and  N^/N^.  It  was  not  considered  necessary  to  relate  the  cur¬ 
rents  to  known  pressures  (although  BA  had  a  nominal  calibration  which  was 
used  as  a  guide),  and  no  import  was  attached  to  the  magnitudes  of  the  ratios, 
but  variations  in  the  ratios  were  considered  significant  since  they  revealed 
inconsistent  behavior  of  one  or  both  of  the  gauges  concerned.  Readings  for 
which  ratios  were  computed  were  all  taken  when  all  the  gauges  were  operating 
simultaneously. 
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In  a  series  of  measurements  of  the  steady-state  positive  ion  current,  made 
while  the  system  was  being  put  into  operation  and  tested,  it  was  found  tliat 
N  /N  showed  much  less  variation  than  did  N^/BA.  Since  the  readings  do  not 
all  refer  to  tlie  same  experimental  conditions,  it  does  not  seem  that  a  conven¬ 
tional  statistical  analysis  would  be  valid;  however,  it  does  seem  to  be  signifi¬ 
cant  that  of  some  60  readings.  62  per  cent  of  the  values  of  ^^7^2  within 
±10  per  cent  of  the  median  value  of  1.02,  whereas  only  21  per  cent  of  the  values 
of  N  /BA  were  within  ±10  per  cent  of  the  median  of  2.98.  Further,  the  extreme 
range  of  the  latter  set  was  larger.  These  results  seem  to  show  that  the  Notting¬ 
ham  gauge  is  less  sensitive  to  its  environment  than  the  Bayard-Alpert. 

Measurements  of  the  positive  ion  current  vs  time  were  made  for  periods 
up  to  3  hours  after  the  ion  gauges  were  turned  on.  "Turning  on"  consisted  of 
allowing  the  filament  to  run  at  the  proper  temperature  (determined  by  previous 
trial)  for  15  minutes,  and  then,  at  t  =  0,  turning  on  the  electrode  voltages.  We 
found  that,  as  we  had  expected,  ion  current  decreases  with  time  in  a  roughly 
exponential  manner.  This  decrease  is  believed  to  be  mostly,  but  not  entirely, 
the  result  of  the  pumping  action  of  the  gauge,  the  effect  of  outgassing  of  the 
gauge  being  secondary.  We  also  found  that  (a)  reduces  the  pressure  in  its 
enclosure  more  slowly  than  N^;  (b)  when  and  are  both  connected  as 
Bayard-Alpert  gauges,  the  same  thing  is  true;  (c)  connected  as  a  Bayard- 
Alpert  gauge  pumps  more  rapidly  than  with  the  regular  connections;  and 
(d)  the  same  can  be  said  for  as  a  Bayard-Alpert  gauge  vs  as  a  Nottingham 
gauge,  although  the  difference  is  less  in  this  case.  (To  make  a  Bayard-Alpert 
gauge,  the  screen  is  given  a  positive  potential  by  connecting  it  directly  to  the 
electron  collector.)  Both  (a)  and  (b)  can  result  from  the  fact  that  is  in  a 
larger  enclosure  than  N^. 

These  results  also  show  that  the  pumping  is  done  by  the  gauges,  not  by  the 
diffusion  pump;  if  it  were  done  by  the  latter,  our  turn-on  effects  would  have 
been  interchanged,  being  closer  to  the  pump  than  N^.  Result  (c)  indicates 
that  the  wall  of  the  gauge  enclosure  is  involved  in  the  pumping,  since  in  the 
electrons  are  kept  within  the  screen.  The  effect  is  less  pronounced  in  (d), 
since  in  that  case  the  wall  is  more  remote  in  and  has  less  effect  in  the 
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Fig.  VII-2.  High-speed  trap. 
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To'ne  eiperfment  L  iLe  gauges  were  operated  eontinuously  while  the 
11, aid  nitrogen  was  allowed  to  evaporate  from  the  cold  trap  >>;;* ---f' 
taken.  The  construction  of  the  trap  is  shown  m  •  ig 
to  vil.3(e)  are  shown  graphs  ot  (a)  the  positive 
gauges,  (b)  the  variations  of  Nj/Nj  and  BA/N^,  «  e^^ 

♦  ran  All  are  referred  to  the  same  time  axis.  Onlj 

, a)  since  all  three  had  much  the  same  shape, and  differences  between  them 
lere  Id  ohvtous,  in  (c)  we  chose  to  plot  BA/N',  rather  than  the  rat.o  N  /BA 
that  we  used  formerly,  because  the  previously  discussed  "’casurements 
rte  relieve  that  was  the  most 

are  more  easily  interpreted  in  this  way.  Ihe  ratio  BA/b^ 

••  ,7  7.,“ 
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of  the  gauges,  occurred,  it  is  worth  noting,  however  “Vm'arhed  by'the  first 
gauge  seems  to  be  less  steady  than  the  others.  At  the  time  m  y 

Low  the  outer  part  of  the  trap  emptied  and  there  was  a  small  burst  o  gas. 
The  two  Nottingham  gauges  continued  to  agree  quite  well  with  another 
.hough  each  was  affected.  The  Bayard-Alpert  gauge  howe.er  d  v  a  P 
pueciably  in  its  relative  indication.  — .he  inner 

arrow,  the  pressure  Such  a  large  volume 

trap  surface,  and  at  the  third,  tne  in  f  probable 

of  gas  was  released  that  conditions  were  far  from  stea  y. 
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(a)  Ion  current  vs  time  for  N2 


(b)  N^/N2  and  BA/N2  vs  time 


(c)  Nitrogen  level  in  trap  vs  time 


that  the  pressure  was  higher  at  than  at  N^,  and  that  N2  read  higher  than 
for  this  reason,  exclusive  of  any  possible  difference  in  the  pumping  speed  of 
the  two  gauges.  This  could  explain  the  drop  in  N^/N2.  The  appreciably  greater 
drop  in  BA/N^  would  be  consistent  with  our  earlier  observations  of  the  higher 
pumping  speed  of  BA.  It  appears,  in  any  case,  that  BA  is  more  affected  than 

by  transient  effects. 

Because  it  is  felt  that  some  of  our  results  are  not  sufficiently  clear-cut, 
an  improved  version  of  the  experimental  arrangement  is  being  set  up,  and  fur¬ 
ther  measurements  will  be  made.  However,  even  at  this  time  there  are  some 
rather  definite  conclusions  to  be  drawn:  (a)  the  gauges  are  probably  more  re¬ 
liable  and  less  critical  as  to  type  (BA  or  N)  and  location  in  a  clean  system; 

(b)  the  Nottingham  gauge  is  less  affected  by  its  location  and  general  environ¬ 
ment  (e.g.,  presence  or  absence  of  oil  vapors)  than  the  Bayard-Alpert;  and 

(c)  when  a  large  vacuum  chamber  is  used,  the  gauge  will  provide  a  more  ac¬ 
curate  indication  of  pressure  if  it  is  mounted  in  the  chamber  than  if  it  is  off  to 
the  side  in  its  own  enclosure.  The  last  conclusion  was  reached  by  Blears 
some  years  ago;  the  present  work  leads  one  to  ask  whether  the  discrepancies 
would  be  nearly  as  large  as  those  that  he  reported  if  one  had  a  clean  system, 
i.e.,  one  free  of  oil  vapors.  Blears  worked  with  a  system  in  which  the  major 
gas  component  was  oil  vapor.  Although  he  was  aware  of  this  fact,  it  is  not 
clear  whether  he  has  concluded  that  his  results  would  or  would  not  have  been 
different  in  a  system  containing  permanent  gases. 

An  all-metal  vacuum  system  consisting  of  a  mechanical  pump  followed  by 
two  cryogenic  pumps  and  an  ion  pump  has  been  assembled.  A  trap  containing 
activated  alumina  will  serve  to  trap  pump  oil  vapors.  It  is  hoped  that,  by 
pumping  with  each  of  the  pumps,  the  mechanical  and  the  two  cryogenic,  in  se¬ 
quence,  the  pressure  can  be  reduced  to  a  low  value  before  the  ion  pump  is 
started.  This  procedure  should  keep  the  ion  pump  relatively  clean,  and  render 
much  less  serious  its  tendency  to  regurgitate  previously  pumped  gases.  It  is 
hoped  that  this  system  will  be  a  cleaner  one  than  that  presently  used  for  routine 
evacuation  of  the  tubes  needed  by  this  group.  If  tests  show  the  new  cryogenic 
system  to  be  as  good  as  we  hope  it  will  be,  we  will  not  carry  through  the  work 
on  evaluation  of  mercury  diffusion  pumps  and  various  traps  proposed  earlier. 
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A  demountable  vacuum  chamber  is  being  built  that  will  allow  us  to  make 
a  variety  of  tests  on  such  things  as  cathode  emission  and  gas  evolution.  Pro¬ 
vision  will  be  made  for  continuous  monitoring  of  gas  composition. 

Twelve  diodes  of  a  special  design  for  laboratory  evaluation  of  cathodes 
have  been  received  from  Sperry.  Six  of  them  were  completely  processed  by 
Sperry;  the  others  have  been  processed  to  the  point  of  converting  the  cathode. 
We  plan  to  do  our  own  conversion  on  these,  after  which  the  tubes  will  be 
tested  for  emission  under  various  pulsed  conditions  and  then  put  on  life  test. 

F.T.  Worrell 


e 


32 


VIII.  SECONDARY  EMISSION 


The  study  of  surfaces  tliat  Imve  low  secondary  omission  ratios  and  that 
are  suitable  for  use  in  high-power  microwave  tubes  has  been  completed.  A 
report  on  this  study  is  nearly  finished.  The  three  final  tests  described  in  tills 
report  were  made  on  six  plasma-torch  coatings  that  in  previous  measurements 
had  maximum  secondary  emission  ratios  less  than  unity.  Those  tests  weie 
made  in  order  to  measure  the  effects  upon  the  secondary  omission  ratio  (6)  of 
those  coatings  by;  (1)  hydrogen-firing,  (2)  operation  in  a  magnetic  field,  and 
(3)  increasing  the  angle  of  incidence  of  the  primary  electrons. 

The  changes  that  occurred  in  the  surface  composition  of  several  coatings 
during  dry  hydrogen-firing  by  outside  vendors  were  not  duplicated  by  our  own 
firing  of  the  pure  powders.  Therefore,  it  seemed  worthwhile  to  respray  all 
the  coatings  that  in  previous  measurements  had  a  6  <  1.  The  coatings  were 
sprayed  in  normal  atmosphere;  X-ray  diffraction  analyses  of  the  sprayed 
materials  were  made,  and  the  targets  were  then  installed  in  a  secondary 
emission  tube.  After  measurements  of  6.  they  were  removed,  fired  in  our 
own  hydrogen  furnace,  again  analyzed  by  X-ray  diffraction,  and  installed  in  a 

second  tube. 

The  effect  of  hydrogen  firing  and  electron  bombardment  on  6  is  shown  in 
Figs.  VIII-1  through  VIII-7.  The  data  for  VVC  and  CrB^  plotted  in  Figs.  VIII-1 
and  VIII-Z  show  an  increase  in  secondary  emission  ratio  after  hydrogen  firing. 
X-ray  diffraction  analysis  indicated  that  both  materials  were  converted  to 
metastable  compounds  (W^^Cy,  Cr^B^)  during  the  spray  process,  and  that  re¬ 
conversion  to  the  original  material  occurred  during  hydrogen  firing.  Labeling 
the  graphs  as  representative  of  WC  and  CrB  is  therefore  not  strictly  correct. 

Figures  VIII-3  through  VIIl-6  are  graphs  of  6  for  VaB^,  TiB^,  TiC  and 
CrC.  None  of  these  materials  changed  in  composition  when  sprayed  or 
hydrogen-fired.  The  slight  decrease  observed  in  6  after  hydrogen  firing  is 
probably  a  result  of  surface  cleaning  caused  by  the  firing  process. 

Figure  VIll-7  is  a  comparative  graph  of  6  for  TiB^,  TiC,  CrC,  and  VaB^ 
after  firing  and  electron  bombardment.  The  hydrogen  firing  for  all  materials 
was  at  a  temperature  of  1025 “C  for  1  hour.  Electron  bombardment  was  at 
10  kv  with  a  power  density  of  approximately  20  watts/ cm  for  24  hours. 
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It  had  been  reported  to  us  that  the  6  of  a  rough  or  porous  material  increases 
in  the  presence  of  a  magnetic  field  tliat  is  normal  to  the  target  surface.  Tlie 
effect  is  presumed  to  result  from  the  fact  tliat  the  secondaries  arc  forced  to 
travel  along  magnetic  field  lines  tliat  would  lead  them  back  along  the  path  of 
the  incident  primaries  and  out  of  any  valley  or  hole  that  might  trap  them.  A 
500-turn  coil  was  wound  onto  the  tube  containing  the  six  hydrogen-fired  pebbly¬ 
surfaced  plasma-torch  coatings;  tliis  arrangement  is  shown  schematically  in 
Fig.  VIII-8.  The  field  normal  to  the  center  of  the  target  is  about  500  gauss 
and  is  approximately  equal  to  that  encountered  in  output  gap  circuits  of  some 
klystrons.  Since  coil  heating  was  rapid,  the  field  was  turned  on  only  for  short 
periods  while  the  target  and  collector  currents  were  measured.  The  results 
of  the  measurements  are  plotted  in  Fig.  VIlI-9  for  a  primary  electron  energy 
of  1000  ev.  At  other  primary  energies  the  effect  was  similar.  Note  that  the 
decrease  in  6  when  the  collector  voltage  Vc  is  at  +10  volts  and  the  field  is 
500  gauss  can  be  nearly  eliminated  when  Vc  is  raised  to  +80  volts.  This 
effect  is  probably  a  result  of  secondaries  leaving  the  surface  obliquely  and 
being  turned  back  into  the  target's  surface  when  there  is  only  a  small  acceler¬ 
ating  electric  field  produced  by  collector  voltage.  In  any  case,  6  could  not  be 
increased  in  this  experimental  arrangement,  so  the  effect  of  the  magnetic  field 
upon  the  6  of  these  coatings  was  not  unfavorable. 

There  are  published  data^  which  indicate  that  the  6  of  many  materials 
increases  as  the  angle  of  incidence  of  the  primary  electrons  is  increased.  The 
data  on  smooth  copper  indicate  that  6  can  double  as  the  angle  of  incidence  (0) 
of  the  primary  electron  beam  goes  from  0  to  70".  One  must  assume,  then,  that 
in  the  case  of  rough  surfaces  where  0is  rather  undefined,  the  6,  when  0  isO", 
must  be  higher  than  that  of  the  smooth  material.  This  point  was  verified  in 
our  earlier  measurements  of  the  6  of  sandblasted  copper  surfaces.  So  that 
the  effect  of  0  upon  6  could  be  measured,  the  last  tube  constructed  contained 
four  targets  on  which  there  were  one  smooth  copper  surface,  one  sandblasted 
copper  surface  and  four  plasma-torch  coatings.  One  target  at  a  time  could  be 
suspended  in  such  a  manner  that  the  target  surface  remained  horizontal  while 
the  tube  was  tipped  to  the  left  or  to  the  right  as  shown  in  Fig.  VIII-10. 
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Fig.  VIII-8.  Outline  of  tube  showing  the  location  of  coil  supplying  the  magnetic  field. 
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The  6  s  for  three  of  these  targets  vs  primary  electron  energy  while  6  is 
at  0*,  <10*  and  60®  are  shown  in  Fig.  Vni-11.  The  results  for  the  two  copper 
surfaces  ngro'*  closely  with  published  data.  However,  the  very  slight  increase 
in  the  secondary  emission  ratio  of  the  Titanium  carbide  with  O,  which  is 
represen’iative  of  the  others  tested,  was  a  pleasant  surprise.  The  measured 
6  for  the  smooth  copper  surface  is  1.7  times  that  of  the  liC  when  0  =  0  and 

2.5  times  lliat  of  the  TiC  when  O  =  60®. 

In  addition  to  completing  the  final  report,  there  Is  a  small  amount  of  work 
yet  to  be  done  with  the  coatisjgs  in  order  to  measure  their  DC  and  RF  resistiv-  ^ 
ities.  There  is  some  disagreement  between  RF  measurements  reported  earllei , 
data  coiniJarlng  RF  resistivities  of  coatings  and  copper  as  calculated  by  cavity 
108SC.S  •see  Scctio.n  iX  of  this  report),  and  the  DC  resistivities  given  in  Itand-^ 
book.s.  Present  plans  are  to  coat  a  nonconducting  material  witl^  these 
torch  coalings.  Uicn  mea.sure  the  DC  resistivities  by  conventiontilmj^frWs  and 
RF  )  c.nlstivllics  by  the  cavity -loss  technique. 


IX  MEASUREMENTS  OF  SURFACE  CURRENTS 
IN  KLYSTRON  CAVITIES 
BY  THE  PERTURBATION  OF  RADIATION  FIELD 

A  new  method  for  measuring  surface-eurrent  distribution  in  microwave 
structures  has  been  developed.  This  method,  which  is  based  on  the  pertur  a- 
"he  field  that  radiates  into  the  walls  of  the  resonator,  is  simple  as  well 
as  accurate  and  most  suitable  for  this  work.  The  perturbation  equation  for 
the  Q  of  a  resonator  with  n  walls  of  different  resistivities  has  already  been 

derived:^ 

2  f  dv 
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O  =  unloaded  Q  of  the  resonator, 
H  =  magnetic  field, 
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6  =  skin  depth  of  r  wall, 
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In  deriving  Eq.  (1),  the  main  assumption  made  was  that  the  change  in  the 
over-all  geometrical  configuration  of  the  mode  field  due  to  the  perturbation  of 
the  radialn  field  is  small.  This  would  be  true  if  the  resistivity  of  each  of  th 
walls  is  changed  by  the  same  amount.  (In  this  ease  the  error  in  ‘"e  "umerato 
It  Lq  (i)  would  be  equal  to  ^/Q„^  i.e..  for  a  Q  of  iO.  the  error  is  t  per  cent.) 
For  composite  wall  reso^tors.  Eq.  (i)  is  valid  if  the  path  of  the 
rent  is  little  affected  by  the  change  of  the  wall  resistivity.  Throughout  he 
course  of  our  measurements,  the  Q  was  always  high  (above  1000)  and  the  con- 
ditln  with  regard  to  the  path  of  the  surface  currents  was  always  fulfilled;  there- 

fore  Eq.  (1)  is  applicable. 

The  relative  RF  resistivities  of  the  resonator  walls  were  determined  ex- 
oerimentally,  since  the  RF  resistivity  depends  to  a  great  extent  on  the  surface 
conditions  as  well  as  on  the  DC  resistivity.  Two  identical  reentrant  cavities. 
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one  brass  and  the  other  copper,  were  constructed,  each  being  made  of  four 
similar  walls  (Fig.IX-1).  The  unloaded  Q's  of  the  two  cavities  were  measured. 
The  results  were  7950  for  the  copper  cavity  and  4000  for  the  brass  cavity. 

Thus,  the  effective  skin  depth  for  brass  is  1.97  times  that  of  copper. 

The  propedure  for  measuring  the  surface  current  in  each  of  the  four  walls 
of  the  cavity  was  to  interchange  the  brass  and  copper  walls  to  form  composite 
brass -copper  cavities  and  measure  their  unloaded  Q's.  In  order  to  check  the 
results,  measurements  were  taken  on  two  sets  of  four  composite  cavities.  The 
first  set  was-  made  up  of  three  walls  of  copper  and  one  of  brass,  while  the  other 
set  had  one  copper  wall  and  three  brass  walls.  The  average  of  the  results  of 
the  two  sets  is  showr.  ir.  Fig.  IX-2.  The  average  of  the  sums  of  the  percentage 
losses  on  the  four  walls  is  100.5  per  cent,  which  is  the  average  of  101.5  per 
cent  for  the  first  set  and  99.5  per  cent  for  the  second  set.  Particular  attention 
was  given  to  wall  No. 4  of  Fig.IX-1  in  order  to  find  the  field  distribution  on  the 
drift  tube  wall.  By  spraying  annular  rings  of  materials  of  known  resistivity 
and  certain  width  (about  0.050  in.)  at  different  positions  on  wall  No.  4  (Fig.  IX-3), 
and  measuring  the  change  in  Q,  it  was  possible  to  calculate  the  relative  field 
strength  along  the  surface.  Since  the  spraying  was  not  uniform,  the  plotted 
curve  of  the  relative  field  strength  was  not  completely  defined.  However,  the 
results  indicated  that  about  one-third  of  the  15.3  per  cent  (the  total  loss  on 
wall  No.  4)  is  on  the  half  near  the  gap  edge,  and  that  two-thirds  are  in  the  other 
half.  A  new  method  that  employs  copper  plating  on  stainless  steel  to  form 
annular  rings  has  been  developed  and  further  measurements  are  being  taken. 

It  is  expected  that,  by  this  method,  more  accurate  results  for  the  field  dis¬ 
tribution  will  be  obtained. 

Once  the  field  distribution  on  the  walls  of  the  cavity  had  been  determined, 
it  was  then  possible  to  measure  the  RF  resistivity  of  some  of  the  materials 
that  have  low  secondary  emission  ratios;  namely,  VaB,  WC,  TiB,  TiC,  CrB 
and  CrC.  The  measured  RF  resistivities  of  these  materials  are  listed  in 
Table  IX-1.  The  observed  values  are  one  to  two  orders  of  magnitude  greater 
than  the  DC  values  reported  in  the  literature.  The  reason  for  this  large  dif¬ 
ference  is  not  known.  Tests  on  sprayed  copper  coatings  make  it  appear  that 
the  roughness  of  the  surface  is  not  the  primary  cause  of  the  high  resistivity 
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Fig.  IX-3.  Drift-tube  wall  with  resistive  annular  rings  shown  at  different  positions. 
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TABLE  IX-1 

RF  RESISTIVITY  AT  3  kMcps 

Material 

of 

Wall  No.4« 

Q 

u 

Skin  Depth 
Relative  .  ' 
to  .Copper ' 

Resistivity 
at  3  kMcps 
.  Relative  to 
Copper  .. 

Reported 

DC  Resistivity 

Copper t 

7950 

4  -  .  ■ 

1 

Brasst 

6965 

'  i.97 

. .  t3.9o:;v- 

3.9 

s.s.  t 

4270 

6.7  .  . 

42.5 

VaB^ 

4140 

6.9. 

•  >1  . 

.43 

16 

wet 

2590 

12  -  53 

CrBt 

2230 

17.9 ■ 

^320 

21 

CrCt 

2220 

.18.6  . 

325 

TiBt 

l‘^70 

24.6 

577 

15  -  30 

TiCt 

*1700 

25.2 

636 

68 

*The  other  three  walls  are  copper. 
tMechanical  polish, 
t Plasma-torch  spraying. 

(no  significant  change  in  resistivity  of  a  sprayed  copper  surface  occurred  when 
the  surface  was  ground  to  a  smooth  finish).  To  investigate  the  factors  affecting 
the  RF  resistivity  of  plasma-torch  coatings  would  require  further  experimental 
work.  Such  an  investigation  would  be  beyond  the  scope  of  this  project,  which 
will  be  concluded  in  the  next  few  weeks.  A  comprehensive  report  is  now  under 
preparation  as  a  group  report. 

The  main  factor  limiting  the  accuracy  of  this  method  of  measuring  surface 
current  is  the  precision  with  whichthe  Q  can  be  measured.  Two  methods  for 
measuring  the  Q  were  considered.  The  first  is  that  of  measuring  the  differ¬ 
ence  in  phase  between  the  detected  modulation  of  an  AM  signal  before  it  passes 
through  the  resonator  that  is  tuned  to  the  carrier  frequency,^  and  after.  The 
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second  is  the  conventional  method  of  determining  the  half-power  bandwidth  of 
the  amplitude-frequency  response.  The  second  method  was  found  to  be  superior 
to  the  first  for  values  of  Q  in  the  range  below  about  10,000  because  a  suitable 
wide-band  high-frequency  phase  meter  was  not  available.  A  block  diagram  of 
the  setup  for  the  second  method,  which  was  used  in  all  the  experimental  work. 


is  shown  in  Fig.  IX-4. 


M.  Nader 
I.  Hefni 
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ig.  IX-4.  Simplified  block  diagram  for  measuring  the  Q  of  resonators. 


X.  LIMITATIONS  ON  THE  BANDWIDTH 
OF  KLYSTRON  OUTPUT  CAVITY 


.  -V.  * 


The  bandv«i(llh  or  klysii-on  amplifiers  at  liigh  ylgiialjcwto  1»  nuher  dimeuU 

•  .  **  *  • 1%  aiM^I ct  I  ^ 


I  IIV  - -  •  .y  -  . 

to  define  because  of  the  nonlinearity  in  the  gain  vs  slgnal-lcvcl  characteristic. 
Several  definitions'’  of  large  signal  bandwidth  haTOjtcctt  suggested  that  would 
be  useful  for  practical  purposes.  Such  definitions,,  however. 'cannot  be  for- 
mulatcd  rigorously  in  terms  of  the  tube  parameters  since  tlie.  csact  behavior 
of  the  beam  at  large  signals  is  not  yet  known.  ForTlhis  reason  it  Is  not  pos¬ 
sible  to  obtain  the  theoretical  limitations  on  the  bandwidth  by  considering  all 
the  tube  parameters,  and  most  of  the  work  on  optimising  the  bandwidth  has  been 
done  on  a  step-by-s'.ep  basis.  At  the  present  time,  the  factor  that  is  limiting 
the  bandwidth  of  the  multicavity  klystron  seems  to  be  the  output  coupling  to  the 
load.  Several  attempts'’’’'®  have  been  made  to  optimise  the  output  coupling 
by  using  passive  matching  structures.  It  is  rather  difficult  to  estimate  the 
degree  of  success  of  these  attempts,  since  the  results  were  not  compared  with 
the  correct  theoretical  optimum.  The  puivose  of  tms  work,  therefore,  is 
(1)  to  investigate  the  theoretical  limitations  on  the  bandwidth  of  an  idealised 
output  coupling  that  can  approximate  an  actual  coupling  at  small  signal  operation, 
and  (21  to  develop  an  optimum  matching  structure  which  would  be  suitable  tor 
high-power  operation. 

Assuming  a  linear  beam-circuit  coupling,  the  limiting  factor  on  bandwidth 
for  a  conventional  output  gap  would  be  the  gap  capacitance  C,  shunted  by  the 
beam  conductance  G.  The  theoretical  limitation  on  the  bandwidth  for  such  a 
simple  equivalent  circuit  was  first  derived  by  Bode  in  the  form  of  the  integral 

relation 


Jo  1'’! 

where  jp  I  is  the  magnitude  of  the  reflection  coefficient  as  shown  in  Fig.  X-1. 
The  inequality  sign  in  Eq.  (1)  occurs  in  the  degenerate  case  when  the 
matching  structure  starts  with  a  capacitance.  Such  a  degenerate  case  cannot 
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Fig.  X-1 .  Equivalent  circuit  for  the  output  load  coupling  of  klystron  amplifier. 


be  avoided  at  microwave  frequencies,  since,  when  the  gap  is  incorporated  in  a 
resonator,  part  of  the  electric  field  will  be  stored  outside  the  gap  capacitance, 
resulting  in  an  increase  in  the  effective  coupling  capacitance.  The  first  step 
for  optimizing  the  bandwidth  would,  therefore,  be  to  design  a  resonator  with 
maximum  concentration  of  the  electric  field  in  the  gap  capacitance.  This  must 
be  done  empirically,  since  an  exact  solution  is  impossible.  Having  optimized 
the  resonator,  one  may  assume  a  new  equivalent  shunt  capacitance,  and  the 
analysis  for  optimizing  the  bandwidth  can  then  be  carried  out  rigorously. 

Equation  (1)  shows  that  the  optimum  bandwidth  would  be  achieved  when 
Ip!  is  kept  constant  over  the  pass  band  and  equal  to  unity  over  the  rest  of  the 
frequency  spectrum,  in  this  case  Eq.  (1)  reduces  to 


In 


|p| 


max 


where  oj  is  the  cut-off  frequency  for  a  certain  mismatch  )p|  ..  This 

rectangular  shaped  function  cannot  be  realized  in  practice,  since  it  would  re¬ 
quire  a  matching  network  with  an  infinite  number  of  elements.  A  good  approx¬ 
imation  for  the  rectangular  function  would  bo  a  Tchebyschoff  function  with  the 
ripple  amplitude  chosen  to  minimize  the  transmission  loss  over  the  desired 
bandwidth.  The  analysis  for  this  optimization  results  in  two  transcendental 
equations  that  can  bo  solved  numerically.  The  solution  has  been  computed  for 
matching  networks  with  different  numbers  of  elements  at  different  values  of 
mismatch.  Some  of  the  results  are  plotted  in  Fig.  X-2,  which  shows  the  in¬ 
crease  in  the  bandwidth  ^ should  expect  when  matching  networks 
of  one,  two,  throe  or  infinite  (n  -  Z,  3,  4  or  «  respectively)  numbers  of  elements 
are  used. 

An  experimental  verification  of  this  theory  is  planned. 


I.  Hefni 
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XI.  VOLTAGE  BREAKDOWN 


This  pi'ojoct  was  established  to  investigate  the  possibility  of  devising  tech¬ 
niques  that  would  permit  the  safe  use  of  higher  voltage  gradients  in  microwave 
tubes  whei'e  voltage  breakdown  is  frequently  a  limiting  factor  in  power  output. 
The  major  portion  of  the  experimental  work  has  been  directed  toward  achieving 
a  high  voltage  hold-off  capability  for  pairs  of  nickel  or  copper  electrodes.  The 
type  of  data  that  is  recorded  is  shown  in  Fig.  XI- 1,  where  voltage  pulses  of 
1  msec  are  applied  to  the  gap  at  5-socond  intei'vals  and  the  number  of  break¬ 
downs  per  group  of  ton  pulses  is  plotted  vs  voltage.  The  conditioning  process 
is  very  evident  in  this  typo  of  graph  and  on  the  14th  group  of  pulses  the  pair  of 
electrodes  used  holds  off  65  kv  with  no  breakdowns,  although  the  initial  break¬ 
down  point  was  35kv. 

Data  recorded  in  the  same  manner  for  copper  electrodes  with  various 
surface  treatments  is  as  follows: 

90  per  cent  breakdown 

Initial  breakdown  point  while  increas-  Final  hold- 
voltage  _ ing  voltage _  off  voltage 

Surface  sandpapered 


with  a  ++600 

10  kv 

30  kv 

35  kv 

Mechanically  polished 

45 

60 

70 

Electro-polished  and 
"glow  cleaned" 

60 

70 

80 

The  "glow  cleaning"  is  accomplished  by  a  200-  to  300-volt  AC  discharge  in  a 
low-pressure  hydrogen  atmosphere.  The  direct  voltage  hold-off  capability 
(no  breakdowns  in  one  minute)  on  these  electrodes  is  only  10  per  cent  less  than 
the  1-msec  pulse  voltage  hold-off, which  appears  to  indicate  that  this  1  msec 
pulse  is  long  enough  to  be  close  to  the  DC  hold-off  voltage. 

Some  measurements  made  on  plasma-torch  coatings  such  as  one  used  in 
the  secondary  emission  study  indicate  that  they  hold  off  about  the  same  voltage 
as  polished  copper.  More  measurements  will  be  made  on  these  plasma-torch 
coatings  and  on  other  materials  that  the  literature  suggests  have  a  higher  volt¬ 
age  hold-off  capability  than  copper. 

A.  Vierstra 
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XII.  DUPLEXER  INVESTIGATIONS 


A,  PAPER  PRESENTED  AT  PGMTT 

A  paper  entitled  “High  Power  Duple.xors"  was  presented  at  the  IRE  1961 
National  Microwave  Symposium  (Washington,  D.C.,  15-17  May).  An  ab¬ 
stract  of  this  paper  and  of  Lincoln  Laboratory  G-Report  46G-0011  follows: 

The  various  circuit  arrangements  used  in  duplexers  are 
analyzed  as  to  their  power  handling  abilities  in  two  situations; 
first,  where  the  bandwidth  is  narrow  so  that  insertion  loss 
determines  maximum  Q  and  second,  where  large  bandwidths 
are  required  and  the  maximum  Q  is  determined  by  available 
Q  bandwidth  products.  In  both  cases  the  ATR  duplexer  has  an 
advantage.  Arc  loss  was  measured  for  folded  cylinder  TR 
tubes.  At  medium  current  densities  the  results  agree  well 
with  experimental  measurements  in  DC  positive  columns.  At 
high  current  densities  a  constant  conductivity  is  reached. 

Graphs  of  power  handling  ability  for  a  unity  coupler  duplexer 
using  different  methods  of  cooling  are  presented.  It  is  shown 
how  the  requirements  for  easy  firing  and  long  life  limit  the 
achievable  recovery  time. 

The  most  interesting  result  presented  in  the  paper  is  a  graph  of  the  power¬ 
handling  capability  of  a  full-size  TR  window  mounted  in  the  broad  wall  of  a 
waveguide  (Fig.  XII- 1).  Adjacent  to  the  window  is  a  highly  ionized  gas.  Results 
of  calculations  for  different  methods  of  cooling  show  that  dielectrics  with  high 
heat  conductivity,  particularly  beryllium  oxide,  are  to  be  preferred  as  window 
material.  With  this  in  mind,  vendors  are  being  approached  with  the  problem 
of  fabricating  a  suitable  window  made  of  beryllium  oxide  for  S-band  use.  It  is 
of  importance  to  note  that  in  TR  service  the  relatively  high  loss  tangent  of  the 
BeO  is  of  no  consequence,  since  the  heat  is  generated  in  the  discharge  and  not 
in  the  window.  This  is  quite  different  from  the  situation  that  exists  in  RF  out¬ 
put  windows,  where  the  heat  is  generated  by  internal  losses. 

B.  PIRANI  GAUGE 

In  handling  clean  gases,  it  is  essential  to  use  a  pressure  gauge  that  will 
not  contaminate  the  gas.  This  is  especially  true  in  sealed-off  tubes  where  the 
gauge  is  exposed  to  the  tube  for  long  periods  of  time.  A  Pirani  gauge  seems 
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Fig.  XII-1.  Power-handling  capacity  of  large  waveguide  window 
with  high-density  plasma. 
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admirably  suited  for  measuring  pressures  in  the  micron  and  low  millimeter 
range.  It  consists  of  a  piece  of  wire  located  inside  the  pressure  chamber. 
Several  gauges,  consisting  of  0.001-in.  diameter  tungsten  wire  about  3-1/2  in. 
long  mounted  in  the  center  of  a  1-mm  diameter  capillary  tube,  were  procured. 
The  best  mode  of  operation  for  these  gauges  is  as  the  fourth  arm  of  a  bridge 
that  is  always  maintained  in  a  balanced  state.  The  gauge  always  operates  at 
a  constant  resistance  and  temperature.  The  heat  loss  from  the  gauge  consists 
of  two  parts:  (1)  at  zero  pressure,  heat  is  lost  by  conduction  along  the  gauge 
wire  to  the  mount  and  by  radiation  from  its  surface;  and  (2)  as  the  pressure 
increases,  heat  is  carried  away  by  gas  molecules  that  strike  the  wire  and  leave 
the  gauge  with  more  energy  than  that  with  which  they  arrived.  This  second 
heat  loss  is  directly  proportional  to  pressure  at  low  pressures,  and  constant 
at  high  pressures.  For  a  given  gauge  used  with  a  particular  gas,  the  above 
considerations  lead  to  the  calibration  equation 


where  V.  V.  and  V2  are  the  voltages  across  the  bridge  necessary  to  maintain 
balance  at  the  pressure  P.  zero  pressure  and  very  high  pressure,  respective! 
P  is  the  pressure  at  which  the  second  heat  loss  due  to  gas  conduction  changes 
over  from  a  linear  function  of  pressure  to  become  independent  of  pressure. 

To  test  the  gauge,  a  self-balancing  bridge  was  constructed  and  calibration 
curves  were  run  on  several  gauges.  The  above  equation  was  found  to  fit  the 
calibration  curve  within  experimental  accuracy.  The  largest  systematic  error 
seems  to  be  due  to  the  change  in  ambient  temperature  between  calibration  and 
use.  Examination  of  the  sources  of  heat  loss  mentioned  above  indicates  that 
the  percentage  change  in  should  be  between  2  and  3  times  the  percentage 
change  in  the  ambient  temperature  measured  in  degrees  Kelvin.  This  has  bee: 
confirmed  by  experiment.  The  change  in  ambient  temperature  thus  limits  the 
lowest  pressure  that  can  be  read.  A  thermostatically  controlled  bath  is  being 
considered.  The  highest  pressure  that  can  be  read  with  any  accuracy  is  about 
3P  .  The  present  gauge  can  be  used  to  read  argon  pressures  from  5  micron. 
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to  10mm  Hg.  It  is  intended  to  use  this  gauge  in  all  TR  work  where  accurate 
control  of  gas  fill  is  required. 

C.  HOT  CATHODE  TR 

A  gas  TR  used  as  a  protector  invariably  requires  some  source  of  predls- 
charge  electrons  to  provide  reliable  breakdown  and  a  low-energy  spike.  The 
classical  solution  to  this  problem  is  to  use  a  keep-alive  electrode  that  main¬ 
tains  a  slight  discharge  in  the  region  of  the  RF  gap.  The  apparent  simplicity 
of  the  keep-alive  is  belied  by  the  host  of  problems  it  introduces.  The  discharge 
is  inherently  a  high-voltage  phenomenon.  The  large  cathode  fall  produces  high- 
energy  positive  ions  that  rapidly  clean  up  the  gas  in  the  tube.  Relaxation  oscil¬ 
lations  of  the  keep-alive  current  are  difficult  to  avoid  and  can  allow  occasional 
high-energy  spikes.  The  current  drawn  is  inefficiently  used  since,  typically, 
only  a  very  small  portion  provides  elec»rons  in  the  RF  gap.  A  radioactive 
source  of  electrons  would  seem  to  be  a  solution,  but  radioactive  sources  that 
would  not  require  special  precautions  have  not  proved  effective  except  for 
starling  a  keep-alive  discharge,  because  radioactive  sources  typically  supply 
very-high-energy  electrons.  A  source  which  supplied  a  sufficient  number  of 
electrons  would  be  loo  radioactive  to  handle  safely. 

The  use  of  an  electron  gun  to  provide  electrons  presents  the  possibility 
of  reliable  breakdown  and  a  low-energy  spike  without  producing  high-energy 
ions  to  clean  up  the  gas  in  the  tube.  By  placing  the  gun  outside  the  RF  gap  and 
by  keeping  all  electrode  voltages  below  breakdown  level,  the  effect  of  the  gun 
on  a  low-level  signal  should  be  negligible,  except  for  the  introduction  of  some 
shot  noise.  If  necessary,  the  gun  current  can  easily  be  pulsed. 

A  few  preliminary  tests  have  been  performed  on  a  TR  tube  incorporating 
an  electron  gun  as  a  source  of  predischarge  electrons.  The  tube,  TUCOR 
TX48UX2,  has  a  parallel -plate  gap  with  a  hole  in  one  plate  for  injection  of 
electrons  from  the  gun. 

The  effectiveness  of  the  gun  in  reducing  the  breakdown  voltage  is  best  shown 
in  single-pulse  breakdown.  With  no  gun  current,  firing  took  place  in  about 
60  psec  with  810  volts  of  RF.  This  was  the  lowest  level  for  which  the  breakdown 
time  was  reasonably  constant.  Occasionally^  however,  the  tube  would  not  fire 
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at  this  level.  With  about  of  gun  current  through  the  gap,  the  breakdown 

level  was  reduced  to  9.7  volts  for  consistent  firing  at  60jisec.  For  comparison, 
the  breakdown  voltage  of  a  BOMAC  BL994  without  keep-alive  current  was 
705  volts.  With  50  pa  of  keep-alive  current,  the  breakdown  voltage  dropped  to 
23  volts.  Increasing  the  keep-alive  current  to  i50pa  did  not  further  reduce  the 

breakdown  voltage. 

The  .noise  contribution  of  the  TR  tube  was  determined  experimentally  by 
measuring  the  noise  figure  of  a  receiver  preceded  by  the  TR  tube  in  a  high-Q 
cavity.  The  increase  in  noise  figure  with  gun  current  can  be  considered  an 
increase  in  the  source  temperature  of  the  receiver.  A  calculation  of  this 
temperature  based  on  the  shot  noise  of  the  gun  current  through  the  gap  agrees 
within  about  20  per  cent  with  the  experimental  value.  With  the  gun  current 
used  for  the  breakdown  measurements  (approx.  2.5pa),tho  temperature  in¬ 
crease  was  about  40’ K.  The  temperature  is  proportional  to  both  the  Q  of  the 
TR  cavity  and  the  gun  current.  Each  of  these  could  probably  be  reduced,  or 
the  gun  current  could  be  switched  off  for  receiving  in  actual  operation,  in  order 
to  reduce  the  temperature  contribution  of  the  TR  tube.  The  noise-temperature 
increase  with  the  BL994  showed  the  same  type  of  current  dependence,  but  the 
keep-alive  current  for  a  40’  rise  was  about  140  pa.  since  only  a  fraction  of  this 

current  passes  through  the  electrode  gap. 

Because  of  the  dimensions  and  fill  of  the  TX48UX2,  the  recovery  time  was 
about  1500  psec.  A  version  presently  being  constructed  using  a  helium  fill  and 
a  shorter  gap  should  have  a  recovery  time  on  the  order  of  100  psec.  Life  tests 
on  this  unit  will  be  started  in  the  near  future.  In  this  unit,  since  there  should 
be  no  high-energy  positive  ions  present,  the  gas  cleanup  should  be  slow  and  the 
tube  life  should  be  long.  If  life  tests  a^-e  satisfactory,  it  is  expected  that  this 
type  of  tube  will  find  use  as  a  protective;  TR,where  its  low  firing  voltage  will 
keep  leakage  energy  to  very  low  levels. 

D.  L-BAND  INVESTIGATIONS 

The  design  of  an  L-band  duplexer  cavity  was  mentioned  in  the  previous 
semiannual  report.^  A  quartz  folded  cylinder  TR  tube  of  1.100-in.  diameter 
was  mounted  horizontally  in  a  capacitive  iris  across  a  rectangular  cavity. 
Low-power  tests  showed  that  spring  finger  contacts  onto  the  tube  had  a 
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detrimental  effect  on  the  unloaded  Q  of  the  cavity.  A  considerable  improvement 
was  obtained  by  making  the  tube  a  precision  fit  in  a  1/2-in. -thick  ins.  giving 
an  unloaded  Q  of  5500. 

The  cavity  was  side-wall  mounted  in  a  WR650  waveguide  and  high  power 
tests  were  carried  out  using  a  traveling  wave  resonator.  Using  a  2-Mw  peak 
and  a  4-kw  average  power  magnetron,  resonator  powers  of  40-Mw  peak  could 
be  obtained  with  an  air  pressure  of  30  Ib/in."  in  the  ring.  The  duplexer  cavity 
tested  was  not  pressurized,  but  showed  no  evidence  of  sputtering  at  the  highest 
peak  power  at  which  it  was  tested  (10  Mw),  with  a  value  of  of  22. 

The  temperature  of  the  TR  tube  was  monitored  at  various  values  of  aver¬ 
age  power  duty  ratio  (Du),  and  loaded  Q  (Ql^):  from  the  results,  it 

appeared  tha^the  dissipation  on  the  tube  was  proportional  to  the  quantity 

IP  Du 
/  av 

J  Qli  ' 

which  is  itself  proportional  to  the  tube  current  times  the  duty  ratio.  This  in¬ 
dicates  that  the  tube  has  a  constant  sustaining  field  independent  of  power  level, 
duty  ratio,  or  loaded  Q.  Theory  indicates^*^  that,  for  this  particular  tube  and 
cavity,  the  constant  electric  field  condition  should  hold  for  values  of  the  ratio 
of  peak  power  in  megawatts  to  less  than  0.4.  This  ratio  is  proportional 

to  the  square  of  the  peak  current  in  the  TR  tube. 

The  highesl  temperature  obtainable  with  the  present  magnetron  was  82-C. 
with  a  resonator  average  power  of  25  kw.  a  duty  ratio  of  0.003  and  a  of 
22  The  TR  tube  used  was  a  quartz  folded  cylinder  that  had  a  0.030-in.  gap 
and  was  filled  with  1  mm  of  argon.  The  3-db  recovery  time  measured  was 
approximately  lOOjisec. 

In  order  to  carry  out  tests  under  conditions  of  greater  dissipation,  a 
400 -watt  CW  magnetron  is  being  obtained.  Although  the  simulated  average 
power  that  will  be  attained  with  this  source  will  not  be  significantly  higher  than 
that  which  has  been  realized  with  the  available  pulse  source,  the  duty  cycle  is 
higher  by  a  factor  of  300.  Since,  as  noted  above,  the  TR  dissipation  is  pro¬ 
portional  to  the  square  root  of  the  duty  cycle,  it  is  expected  that  TR  dissipation 

ran  be  increased  by  n/3M  with  the  new  RF  source. 

C.E.  Muehe  C.B.  Nelson 

C.W.  Jones  A.  A.  L.  Browne 
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Xlll.  TEST  FACILITY 


A.  LONG  PULSE  OPERATION 

A  VA-87  cathode  has  been  operated  at  pulse  widths  of  25,  50,  75  and 
lOOpsec  and  at  a  duty  cycle  of  0.001.  At  pulse  widths  greater  than  25|jLsec, 
however,  increasing  peak  charging  current  causes  a  serious  sag  in  power 
supply  voltage  and  reduces  llie  peak  voltage  to  which  tlio  pulse-forming  net¬ 
work  can  bo  charged.  An  additional  bank  of  filter  capacitors  will  be  installed 
to  overcome  this  limitation. 

Up  to  this  time  one  VA-87  has  boon  operated  at  the  following  levels  with 
a  0.001  duty  cycle. 


Pulse  widtii  in  psec 

25 

50 

75 

100 

Cathode  pulse  voltage  in  kv 

90 

80 

70 

68 

Cathode  pulse  current  in  amps 

40 

36 

30 

28 

M i c  rope  r ve  ance 

1.5 

1.6 

1.6 

1.6 

At  these  power  levels,  pervoanco,  gain,  and  power  output  are  normal.  No 
sag  in  cathode  current  due  to  long  pulse  has  been  observed.  More  extensive 
operation  of  this  unit  is  anticipated  as  soon  as  this  additional  filter  is  obtained. 

B.  PULSE  MODULATOR  FOR  DEPRESSED  COLLECTOR  TUBE 

Station  No.  2,  v/hich  is  capable  of  10-kw  average,  10-Mw  peak  at  a  pulse 
width  of  2psec  has  been  fitted  with  an  auxiliary  transformer,  allowing  this 
modulator  to  be  used  for  both  phase-measurement  work  and  the  biased- 
collector  tests,  and  providing  a  socket  to  operate  experimental  VA- 87-type 
cathodes. 

W.  Janvrin 
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